Abstract. It has been known a large amount of soil organic carbon (SOC) have been accumulated over thousands of years and stored at considerable depths in permafrost regions, which could extent down tens of meters. Although the vegetation plays an important role in the distribution of SOC in upper 1 or 2 m soils, little is known about the determines of the organic carbon pools below these depths . We hypothesized that the SOM distribution and its chemical characteristics for different depths were determined by vegetation types and soil texture in mountain permafrost. To test the hypothesis, ten boreholes 15 which were about 20 m depth under alpine swamp meadow (ASM), alpine meadow (AM) and alpine steppe (AS) were drilled in the permafrost regions on the northern Qinghai Tibetan Plateau. The results showed that the SOC stocks were highest over ASM, and lowest over AS for different depths. The soil textures were mainly silt loam over ASM, while varied with sandy loam, silt loam, and sand in AM. All the soils with higher fine-fractions have higher SOC contents than that in coarse soils. Meanwhile, the C/N ratios and carbon isotopes suggested that the SOC pools accompanied with fine-fractions 20 soils under swamp meadow are more decomposable than those of coarse soils. Our results suggest and both the SOC stocks distribution and the chemical nature of organic matter are determined by the soil texture and vegetation types, and this rule is applicable for SOC distribution for the 20 m depth in mountain permafrost regions.
The distribution of permafrost in the Heihe River Basin is mainly controlled by elevation, and the lower limit of the elevation of permafrost was approximately 3,650 m (Wang et al., 2013) . There are three main vegetation types in the study area: alpine swamp meadow, alpine meadow and alpine steppe, and the dominant plants are Kobresia tibetic, Kobresia 75 pygmaea, and Kobresia humilis. The geological stratigraphy of the study area is quaternary.
Field sampling and monitoring
The SOC pools in permafrost regions were usually calculated according to distribution of vegetation types (Mu et al., 2015; Ping et al., 2008) . In the permafrost regions on the QTP, there are mainly three vegetation types, i.e., alpine steppe (AS), alpine meadow (AM), and alpine swamp meadow (ASM) (Ding et al., 2016; Hu et al., 2014; Wu et al., 2016) . Therefore, 80 ten deep boreholes, including AS, AM, and ASM were drilled at elevations of 3, 615-4,138 m in 2011-2014 (Fig. 1) . The soil parent materials for PT sites (PT4, 5, 6, 7, 9, 10, 11, 12) were alluvium, and these sites were located in a mountain basin with a gradually slope. The parent materials for EB1 and EB2 sites were colluvium, located in a mountain valley. The geographic information of these boreholes is shown in Table 1 . The vegetation, permafrost and basic soil properties were shown in Table 2 . Overall, the vegetation type of PT4, PT5, PT6 and PT7 was AM, that of PT9, EB1, and EB2 was ASM, and that of 85 PT10, PT11 and PT12 was AS. The borehole site of PT11 was located in a seasonally frozen ground area, and the other borehole sites were located in permafrost areas. The sites of PT10, PT11, and PT12 have the same aspect, slope, topography, elevation and well drainage conditions, and are considered as the boundaries of permafrost and non-permafrost. The soils in the study area were largely alkaline with pH values of 8. 53-8.84 , with the exception for EB1 and EB2. The conductivities of the soil suspensions ranged from 0.95 to 1.33ms cm -1 (Table 2) . 90
The depths of the drilled boreholes were approximately 20 m. The collected core diameter was about 15 cm. The depths of samples collected at PT6, PT9, EB1 and EB2 were 9.0, 7.0, 6.0 and 5.0 m because below these depths there were rock layers.
For PT12, the soil samples in the upper 2 m were not available because of the high gravel contents in this layer. For all other sites, each 30-40-cm-long drilled core was recovered, photographed, wrapped, labeled on the both ends of the core. These cores were stored in a freezer at -20°C. Upon returning to the laboratory at Lanzhou University, the samples were transferred 95 to an ultralow-temperature freezer.
Laboratory analyses

Basic soil analyses
Soil bulk density was determined by calculating the volume of a section from the frozen core before drying the section and determining its mass. Total water content was determined by drying the soils at 105°C for 8 h and measuring the soil weight 100 before and after drying. The pH values and conductivities of the soil suspensions (1:2.5 soil:water ratio) were measured with a pH meter and conductivity meter. The percent by weight of rock fragment (>2mm) was calculated with the oven-dried 4 The Cryosphere Discuss., doi:10.5194/tc-2016 Discuss., doi:10.5194/tc- -65, 2016 Manuscript under review for journal The Cryosphere Published: 20 April 2016 c Author(s) 2016. CC-BY 3.0 License. samples. The soils particle distribution was separated into three fractions: clay (< 2 μm), silt (2-50 μm), and sand (50 μm -2 mm) by a laser diffraction instrument (Malvern Mastersizer 2000, Malvern, UK).
The SOC and total nitrogen (TN) of pulverized homogenized samples were quantified by dry combustion using a Vario 105 EL elemental analyzer (Elemental, Hanau, Germany). The SOC contents for EB1 and EB2 sites were cited from previous study (Mu et al., 2015) . To measure the SOC, 0.5 g dry soil samples were pretreated with HCl (10 mL, 1 mol L -1 ) for 24 h to remove carbonate. The C/N ratios were calculated using the mass ratio between SOC and TN (Ping et al., 2015) .
Isotope analyses
The stable carbon isotopes of EB1 and EB2 were cited from previous study (Mu et al., 2014) . The stable carbon isotopes 110 of the SOC of other samples were analyzed using an OI Analytical Analyzer with an analytical precision of ±0.2‰ (Picarro, California, USA). The samples were treated with hydrochloric acid to remove inorganic carbon prior to analysis. The results are based on the mean of three replicates for each sample and are expressed as δ-values relative to the VPDB δ 13 C standard.
The δ-values are defined as follows:
where R sample and R standard are the 13 C/ 12 C ratios of the samples and standard, respectively.
Statistical analyses
The data presented in this study are the average values. The linear regression was performed using ANOVA.
Results 120
Distribution of soil organic carbon and C:N ratios
The distribution of SOC densities varied among different vegetation types and depth (Fig. 2) . For the sites of ASM (PT9, EB1 and EB2), the SOC densities were much higher than those of AM, although there was a decreasing trend along with depth at EB2. The mean SOC densities for the sites ranged from 0.4 to 22.4 kg m -3 , with the highest value appeared at ASM.
The lowest SOC densities were recorded at the sites in AS sites (PT10, PT11 and PT12), with mean values of less than 1.0 125 kg m -3 .
For all the measured samples, the C/N ratios ranged from 2.26 to 73.04. The distribution of C/N ratios with depth followed a similar trend to the SOC densities at the sites of PT4-7 (Fig. 2) . The average values of C:N ratios in permafrost boreholes were 19.98, 17.65, 13.61, 13 .44 for the sites of PT4, PT5, PT6, PT7, respectively. For the sites of ASM, the C:N ratios for PT9, EB1, and EB2 were 11.03, 7.59, and 6.45. 
Relationship between soil organic carbon and C/N ratios and stable carbon isotopes
For the samples at different depths, the C/N ratio and SOC content had a weak positive relationship for the ASM sites (r 2 =0.028, p<0.05, Fig. 3a ), while had a higher correlation for AS and AM sites (r 2 =0.522, p<0.001, Fig. 3b ).
The stable carbon isotope (δ For the same vegetation type of AM, the SOC densities in the active layer at sites PT4, PT5, PT6 and PT7 had a wide range from 4.77 to 11.12 kg m -3 , which could be related to topography, elevation, aspect and slope (Hoffmann et al., 2014a; 170 Thompson and Kolka, 2005) . Although the SOC densities at the AS sites (PT10, PT11 and PT12) showed a decreasing trends with depth in the active and permafrost layers, the SOC densities in the permafrost boreholes (PT4, PT5, PT6, PT7, PT9, EB1, and EB2) were still high in some deep layers. This shows that low temperature contributes to the preservation of
SOM (Zimov et al., 2006). The results indicate that the vegetation types and permafrost in mountain permafrost regions have a significant effect on the vertical distribution of SOC both in active and permafrost layers. 175
The C/N ratio showed significantly positive correlation to SOC contents when combined all the samples at different layers. The significant positive relationship between the C/N ratios and SOC contents ( Fig. 3a and 3b) was consistent with the notion that high C/N ratios reflect a better preservation of SOM for the different depths (Andersson et al., 2012) . This was corroborated by the relationships between soil water and SOC contents since higher soil water content will decrease the decomposition of organic carbon (Schlesinger and Andrews, 2000) . The mean values of C/N ratios at ASM sites were much 180 lower than those of AM and AS sites. According to the global database of soils, the C/N ratios for tundra were about 18 (Eswaran et al., 1993; Post et al., 1985) . Therefore, the relative lower C/N ratios in the present study implies that SOC stored in the ASM will be easily decomposable and thus has great potential to produce greenhouse gases in the future.
The δ
13 C values largely ranged from -29.6‰ to -22.8‰ in the study area, which is within the range generally associated with C3 peat-forming plants. The δ 13 C‰ negatively correlated to SOC contents suggests that the lower microbial 185 decomposition is one of the mechanisms for the accumulation of the SOC. For the sites of AM and AS in this study with good drainage, it was could be inferred that aerobic conditions that favor the selective loss of 12 C (Alewell et al., 2011) and thus the C/N ratio was expected has a negative relationship with carbon isotope for the samples at different depths (Fig 3c,   3d ). It worth mentioning that the δ 13 C‰ values of the soils below 3.5 m at EB2 were much higher than other samples of ASM sites. This could be explained by that the texture of sand greatly promoted the decomposition of SOM during the 190 accumulation process of these carbon pools, and/or a change of vegetation from C4 plants to C3 plants at the depths of 3.5 m (Mu et al., 2014) .
In our study, the clay content significantly correlated to the SOC contents. This is in agreement with the reports for the upper 2 m layers (Wu et al., 2016) . This could be explained as that fine particles tend to stabilize and retain more organic 7
The Cryosphere Discuss., doi:10.5194/tc-2016 Discuss., doi:10.5194/tc- -65, 2016 Manuscript under review for journal The Cryosphere Published: 20 April 2016 c Author(s) 2016. CC-BY 3.0 License. matter than coarser particle (Gregorich et al., 1994) . In addition, fine particles have higher water holding capacity (Gómez-195 Plaza et al., 2001 ). In the three ASM sites, these factors were not significantly relationship between the SOC contents and gravel content, depth, and moisture, and there were even no gravels in the soils at EB1 and EB2. . Therefore, although these factors were appeared as independent factors for the SOC contents in the linear regression model, these factors largely reflected the SOC patterns in AS and AM sites. 
